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Abstract — We consider a single-antenna broadcast
fading channel with n backlogged users. Assuming
the transmission is packet-based, we deﬁne the delay
as the minimum number of channel uses that guar-
antees all n users successfully receive m packets. A
delay optimal strategy such as round-robin achieves
the delay of mn. For the optimal throughput strategy
(i.e. transmitting to the user with the best channel
condition at each channel use), we derive the mean
and variance of the delay for any m and n. For large
n, it is proved that the expected delay in receiving the
ﬁrst packet in all users scales like n log n as opposed to
n for the round-robin scheduling.
I. Extended Summary
Resource allocation in wireless systems is aiming for two con-
ﬂicting goals, ﬁrstly providing quality of service such as delay
and fairness to users, and secondly maximizing the throughput
of the system [1]. In order to maximize the throughput, the
resource should be scheduled to the user with the highest ca-
pacity or with the best channel condition. Clearly this policy
will cause non-fair scheduling and delay in sending packets.
In this paper, we consider a single antenna broadcast chan-
nel with n receivers. Our channel model is a block Rayleigh
fading channel which changes independently from one block
to the other. The transmission is packet based and therefore
at each channel use, the transmitter sends one packet at each
channel use. In the transmitter, we assume there are n queues
corresponding to each user and that there is always a packet
to be sent to each user.
We deﬁne the delay Dm,n as the number of channel uses
required to guarantee that all the users will receive m packets
successfully. Of course, the delay is a function of the number
of users n, and the number of packets m. A delay-optimal
strategy is round-robin scheduling which clearly achieves the
optimal delay of mn, however, round-robin scheduling is not
throughput optimal. Throughput optimal strategies, on the
other hand, will have to contend with delay hits. The over-
riding question in this paper is to characterize the delay char-
acteristics for the throughput optimal scheduling in broadcast
fading channels.
Theorem 1. Suppose we have n users such that the prob-
ability of choosing the i’th user is ai
n
and the probability of
dropping a packet is Pe. Deﬁning Sm(t) =
Pm−1
k=0
tk
k!
, then
E(Dm,n) = (n + 1)
Z ∞
0
 
1−
nY
i=1
“
1− Sm(βit)e−βit
”!
dt,
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where βi = (1− Pe)ai. Furthermore,
σ2(Dm,n) = 2(n + 1)
2
Z ∞
0
t
 
1−
nY
i=1
“
1− Sm(βit)e−βit
”!
dt
− E(Dm,n)− (E(Dm,n))2 .
The Theorem extends a result of Newman and Shepp [2].
Assuming a homogeneous network, we can state the following
asymptotic results for the delay.
Theorem 2. Consider the setting of Theorem 1,
1. For m ﬁxed and n→∞, we have
E(Dm,n) =
1
1− Pe n log n + n(m− 1) log log n + O(n),
σ2(Dm,n) = O(n
2).
2. For m = log n and n→∞, we have
E(Dm,n) =
3.146
1− Pe n log n + O(n log log n).
3. For m = (log n)r where r > 1 is ﬁxed and n→∞, then
E(Dm,n) =
1
1− Pe n(logn)
r+O(n log n) = mn+O(n log n).
4. For n ﬁxed and m→∞,
E(Dm,n) =
1
1− Pe mn + O(n logm).
Therefore the eﬀect of opportunistic transmission to the
best user at each time on delay is an increase by a multiplica-
tive factor of log n for ﬁxed m. We can in fact improve this
factor of logn by sacriﬁcing on rate [3].
A generalization is the case where we have an M -antenna
transmitter which at each channel use, transmits to M diﬀer-
ent users. We can prove that for M not growing faster than
log n, the expected delay in transmitting the ﬁrst packet to all
users (denoted by DM1,n) for a homogeneous network is
E(DM1,n) =
1
1− Pe
n log n
M + O (M2/n)
+ O(n log log n).
Therefore, multiple transmit antenna transmitter incurs
pretty much the same delay as that of a single antenna sys-
tems that transmit M times faster. Although the gain on
delay in using multiple transmit antennas is not that much,
multiple transmit antenna can signiﬁcantly improve the long
term fairness in a heterogeneous network [3].
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